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INTRODUCTION 

The conversion of low rank c o a l s  such a s  l i g n i t e s  i n t o  gaseous and l i q u i d  
f u e l s  a d c h e m i c a l  f e e d  s t o c k s  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  i n  t h e  l a s t  

Daif3tq% l i q u e f a c t i o n  a n d  g a s i f i c a t i o n  of  v a r i o u s  l i g n i t e s  have 
b e e n  r e p o r t e d .  A l t h o u g h  e x t e n s i v e  a n a l y t i c a l  d a t a  a r e  a v a i l a b l e  on 
l i g n i t e  conversioc product ,  t h e i r  use t o  monitor  chemicai  r e a c t i o n s  involved i n  
any l i q u e f a c a t i o n  or g a s i f i c a t i o n  process  i s  l i m i t e d  due t o  t h e  enormous amount 
of t i m e  and e f f o r l i 7 r 5 j u i r e d  f o r  the complete  c h a r a c t e r i z a t i o n  of L i g n i t e  con- 
v e r s i o n  p r o d u c t s .  - I n  t h e  c a s e  of  most  o f  t h e  r e p o r t s  on l i q u e f a c t i o n  
experiments ,  t h e  d a t a  a r e  u s u a l l y  l i m i t e d  t o  t o t a l  conversion, amount of cer-  
t a i n  f r a c t i o n s  a s  o i l s ,  asphaltenes,lqreasphaltenes, t e t rahydrofuran  so lubles ,  
and c e r t a i n  phys ica l  c h a r a c t e r i s t i c s .  This  s tudy involves  one l i g n i t e  sample 
f r o m  a Texas mine  and i t s  c o n v e r s i o n  p r o d u c t s  f r o m  m i n i  r e a c t o r  e x p e r i m e n t s  
u s i n g  v a r y i n g  l i q u e f a f t i o n  c o n d i t i o n s .  The gaseous products  a r e  analyzed by 
gas  chromatography (GC) t h e  THF s o l u b l e s  a r e  c h a r a c t e r i z e d  by g e l  permea- 
t i o n  chromatography (GPC)"" and high r e s o l u t i o n  gas  chromatography (HRGC). 

EXPERIMENTAL 

Ligni te  samples were c o l l e c t e d  f r e s h  from t h e  mine near  Carlos ,  Texas and 
s t o r e d  under d i s t i l l e d  water  p r i o r  t o  use. The L i g n i t e  was ground t o  less than 
20 mesh s i z e  and  s t o r e d  i n  a c l o s e d  j a r  which  was k e p t  in t h e  r e f r i g e r a t o r .  
The l i g n i t e  l i q u e f a c t i o n  experiments  were conducted i n  f o u r  6.3 m l  m i n i  reac-  
t o r s  which were heated i n  a f l u i d i z e d  sand bath. The r e a c t o r s  were f a b r i c a t e d  
u s i n g  'Autoc lave '  f i t t i n g s .  Each r e a c t o r  was t h e  same,  b u t  o n l y  o n e  r e a c t o r  
was f i t t e d  w i t h  a p r e s s u r e  t ransducer .  The absence of pressure  gauges on t h e  
o t h e r  th ree  r e a c t o r s  a l lowed t h e  minimiza t ion  of t h e  dead volume o u t s i d e  t h e  
sand bath. I n  most c a s e s  1.5 gm l i g n i t e ,  l m l  so lvent  ( d e c a l i n  or t e t r a l i n )  and 
a g a s  ( n i t r o g e n  or hydrogen  o r  1:l C O / H 2  m i x t u r e  a t  1000 p s i )  w e r e  c h a r g e s  t o  
t h e  r e a c t o r .  The r e a c t i o n s  w e r e  quenched  by d i p p i n g  t h e  r e a c t o r s  i n  c o l d  
w a t e r .  The g a s e s  f r o m  t h e  r e a c t o r s  w e r e  a n a l y z e d  u s i n g  a n  a u t o m a t e d  m u l t i -  
column 4 6 s  chromatograph equipped w i t h  sample i n j e c t i o n  and column swi tch ing  
v a l v e s .  The c o n t e n t s  o f  t h e  r e a c t o r s  w e r e  e x t r a c t e d  w i t h  t e t r a h y d r o f u r a n  
(THF) by u s i n g  a n  u l t r a s o n i c  b a t h .  The THF e x t r a c t  ( a b o u t  1 5  m l )  was f i l t e r e d  
through a 1 micron micro-pore f i l t e r  (Mi l l ipof f )  and separa ted  i n t o  f r a c t i o n s  
by us ing  a g e l  permeat ion chromatograph (GPC). 

The GPC f r a c t i o n s  were obta ined  w i t h  a Waters Assoc ia te  Model ALC/GPC 202 
l i q u i d  chromatograph  e q u i p p e d  w i t h  a r e f r a c t o m e t e r  (Model  R401). A Valvco 
v a l u e  i n j e c t o r  w a s  u s e d  t o  l o a d  a b o u t  1 0 0 ~ 1  1 s a m p l e s  i n t o  t h e  column.  A 5 
m i c r o n  s i z e  100  R PL g e l  column (7.5 m m  I D ,  600 mm long) w s s  used.  Reagent  
g r a d e  THF, which  was r e f l u x e d  and  d i s t i l l e d  w i t h  sodium wi re  i n  a n i t r o g e n  
a t m o s p h e r e ,  was used  as  t h e  GPC c a r r i e r  s o l v e n t .  A f l o w  r a t e  of  1 m l  p e r  
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minute was used. THF was s tored  under dry  n i t rogen ,  and a l l  s e p a r a t i o n s  were 
conducted i n  a n i t r o g e n  atmosphere t o  prevent  t h e  format ion  of peroxides. 

S t r a i g h t  cha in  a lkanes  from Applied Science,  a r o m a t i c s  from F i s h e r  Scien- 
t i f i c  Company and polys tyrene  s tandards  from Waters Assoc ia te  were used wi thout  
p u r i f i c a t i o n  f o r  t h e  l i n e a r  molecular  s i z e  c a l i b r a t i o n  of t h e  GPC. S ince  t h e  
s o l u b i l i t y  of t h e  l a r g e r  a lkanes  i n  THF i s  very low, approximately 0.2-1 mg of 
e a c h  s t a n d a r d  was d i s s o l v e d  i n  100 p 1 of THF f o r  t h e  m o l e c u l a r  s i z e  c a l i b r a -  
t ions .  The f r a c t i o n s  of t h e  l i g n i t e  der ived  l i q u i d  separa ted  by GPC were ana- 
lyzed by a gas  chromatographic system (VISTA 44, Varian Assoc ia tes )  equipped 
w i t h  a 1 5  M l o n g  a n d  3 2  m m  I D  bonded p h a s e  f u s e d  s i l i c a  c a p i l l a r y  co lumn and 
f lame i o n i z a t i o n  de tec tor .  

RESULTS AND DISCUSSIONS 

The l i g n i t e  samples  from Carlos ,  Texas have h e a t i n g  v a l v e s  of  4000 t o  6000 
BTU/lb on an a s  rece ived  b a s i s  or about 12000 BTU/lb on dry m i n e r a l  m a t t e r  f r e e  
(dmmf) bas i s .  The samples may conta in  a s  much as 40% mois ture  which escapes 
f r o m  l i g n i t e  even  w h i l e  s t o r e d  i n  t h e  r e f r i g e r a t o r  ( w a t e r  c o n d e n s e s  on t h e  
w a l l s  of t h e  c o n t a i n e r ) .  The oxygen c o n t e n t  v a r i e d  f r o m  20 t o  30 % a n d  h a s  
a b o u t  1 t o  1.5 X s u l f u r  on a dmmf b a s i s .  A s  much a s  50% o f  t h e  oxygen may 
e x i s t  a s  car  o x y l i c  groups which may produce carbon d ioxide  a t  t h e  l i q u e f a c t i o n  
condi t ions . ’  The s u b s t a n t i a l  amount of  hydrogen  s u l f i d e  t h a t  was u s u a l l y  
l i b e r a t e d ,  decreased r a p i d l y  a s  a f u n c t i o n  of sample ageing and s t o r a g e  condi- 
t i o n s .  The l i g n i t e  seams a r e  soaked w i t h  water under h y d r o s t a t i c  pressure  i n  a 
v i r t u a l y  anaerobic  condi t ion.  Immediately a f t e r  mining, t h e  l i g n i t e  samples 
cont inuously loose  mois ture  and a r e  oxid ized  by a i r .  There i s  no i d e a l  way t h e  
l i g n i t e  samples can be s t o r e d  t o  preserve  i t s  on seam c h a r a c t e r i s t i c s .  

The l i g n i t e  l i q u e f a c t i o n  condi t ions  a r e  l i s t e d  i n  Table  1. The composi t ion 
of gaseous products  a r e  l i s t e d  in Table 2. The d a t a  i n  Table  2 i l l u s t r a t e  t h a t  
the  composi t ion of gaseous products  a r e  unaf fec ted  by r e a c t i o n  condi t ions  such 
a s  r e a c t o r  pressure,  feed  gas  or t h e  so lvent  system (whether  hydrogen donat ing 
or not). Higher tempera tures  favor  t h e  product ion of hydrocarbons. Apparently 
t h e  f r a g i l e  s p e c i e s  produced  by t h e  p y r o l y t i c  c l e a v a g e s  o f  bonds i n  t h e  c o a l  
s t r u c t u r e  a r e  converted t o  s t a b l e r  s p e c i e s  which form t h e  components of l i g n i t e  
d e r i v e s  g a s e s  w i t h o u t  consuming hydrogen  f r o m  t h e  g a s e o u s  p h a s e  or f rom t h e  
hydrogen donor solvents .  The s p e c i e s  which r e q u i r e  hydrogen f o r  s t a b i l i z a t i o n  
a r e  a b s t r a c t i n g  hydrogen from carbon atoms i n  t h e  v i c i n i t y .  It i s  q u i t e  possi-  
b l e  t h a t  the  bond breaking and hydrogen a b s t r a c t i o n  are s imul taneous  and hydro- 
gen from the  donor so lvent  or t h e  gaseous phase may not reach  t h e  r e a c t i o n  s i te  
i n  t i m e  t o  hydrogenate t h e  f r a g i l e  spec ies .  

To i l l u s t r a t e  t h e  gaseous hydrocarbon product ion  from l i g n i t e ,  experiments  
were conducted using butylatedhydroxytoluene (BHT), a wide ly  used a n t i o x i d e n t  
and f o o d  p r e s e r v a t i v e ,  a 8  a model  compound ( s e e  T a b l e  1 6 2). BHT decomposed 
t o  p r o d u c t s  i n c l u d i n g  i s o b u t y l e n e  a n d  i s o b u t a n e  i n  a n  a p p r o x i m a t e  1:l m o l a r  
r a t i o  i n  t h e  absence of hydrogen from hydrogen donor s o l v e n t  or gaseous phase. 
Addit ion of t e t r a l i n  favored t h e  product ion of i sobutane  over  isobutylene.  It 
appears  t h a t  coa l  l i g n i t e  can g i v e  some hydrogen t o  the  i sobutane  format ion  but  
t e t r a l i n  can  r e a d i l y  r e a c h  t h e  r e a c t i o n  v i c i n i t y  i n  t i m e  f o r  t h e  hydrogen  
t r a n s f  er r e a c t  ion. 
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The e l u t i o n  p a t t e r n  of  t h e  GPC u s i n g  5 micron 100 PL g e l  column is  i l l u s -  
t r a t e d  i n  Figure 1 where t h e  GPC s e p a r a t i o n  of a s tandard  mixture  conta in ing  
s t r a i g h t  chain a lkanes  and aromat ics  i s  shown. The polys tyrene  s tandard  (mol. 
W t .  2350 and c h a i n  l e n g t h  57 8 )  g a v e  s b r o a d  peak a t  11 m l  r e t e n t i o n  volume.  
The peak p o s i t i o n  is marked i n  t h e  f i g u r e  r a t h e r  than  u s i n g  polys tyrene  s tand-  
a r d  i n  t h e  mixture  i n  order  t o  save t h e  nC44H8p peak from t h e  enveloping e f f e c t  
o f  t h e  broad  p o l y s t y r e n e  peak. The r e t e n t i o n  volume of  s e v e r a l  a l i p h a t i c  
p h e n o l i c ,  h e t r o c y c l i c ,  a i n e  a n d  a r o m a t i c  compounds i n  THF and  t o l u e n e  h a v e  
b e e n  r e p o r t e d  e l s e w h e r e ?  I t  i s  c l e a r  t h a t  a r o m a t i c  compounds, a s  e x p e c t e d  
from t h e i r  valence bond s t r u c t u r e s ,  have s m a l l f f  l i n e a r  molecular  s i z e s  com- 
pared t o  n-alkanes of s imilar  molecular  weight. I t  is expected t h a t  most of 
t h e  condensed r i n g  a romat ics  such a8  naphthlene,  an thracene  and even b i g  ones 
l i k e  coronene (seven fuzed r i n g s  w i t h  molecular  weight  of  300.4) are s m a l l e r  
t h a n n - h e x a n e  s n d h e n c e  h a v e  r e t e n t i o n v o l u m e s  l a r g e r  t h a n  t h a t  of  n-hexane. 
The p o l y s t y r e n e  s t a n d a r d  w i t h  a 57 8 a p p e a r s  t o  b e  l a r g e r  t h a n  e x p e c t e d  f r o m  
t h e  a lkane  s tandard.  The l a r g e  number of  phenyl groups on t h e  main polyethey- 
l e n e  c h a i n  (57 8) make t h e  m o l e c u l e  i n t o  a l a r g e  c y l i n d r i c a l  s t r u c t u r e  w i t h  
l a r g e  s t e r i c  hinderance f o r  p e n e t r a t i n g  t h e  pores  of t h e  gel .  The two t e r m i n a l  
phenyl groups a l s o  c o n t r i b u t e  t o  an increased  cha in  length. The polys t ryrene  
p e a k  (57 8) i s  v e r y  c l o s e  t o  t h e  t o t a l  e x c l u s i o n  l i m i t  of t h e  100 8 PL g e l  
column . 

The THF s o l u b l e s  of l i g n i t e  l i q u e f a c t i o n  products  werf5separated by GPC on 
t h e  b a s i s  of e f f e c t i v e  l i n e a r  molecule  s i z e s  i n  so lu t ion .  Although GPC can 
be  u s e d  f o r  m o l e c u l a r  w e i g h t  o r  m o l e c u l a r  vo lume s e p a r a t i o n  o f  homologous 
s e r i e s  such a s  polymers. such s e p a r a t i o n s  of complex m i x t u r e s  l i k e  c o a l  l i q u i d  
i s  not  feas ib le .  The only molecular  parameter  which has  t h e  l e a s t  v a r i a t i o n  
from a ca lcu la ted  v a l u e  is  e f f e c t i v e  l i n e a r  molecular  s i z e  i n  so lu t ion .  Lig- 
n i t e  der ived l i q u i d s  are separa ted  on t h e  b a s i s  of  e f f e c t i v e  molecular  length  
which i s  expressed i n  carbon numbers of  s t r a i g h t  c h a i n  alkanes. The GPC f rac-  
t i o n  w i t h  s p e c i e s  l a r g e r  t h a n  nC44H80 i s  i n  f r a c t i o n  1 which  i s  composed of  
n o n v o l a t i l e  s p e c i e s .  F r a c t i o n  2 h a s  m o l e c u l a r  s i z e s  i n  t h e  r a n g e  of  nC14 t o  
nC44 and composed of v o l a t i l e  s p e c i e s  most ly  a lkanes  and n o n v o l a t i l e  s p e c i e s  
g e n e r a l l y  known a s  asphal tenes .  F r a c t i o n  3 i s  composed of a l k y l a t e d  phenols 
s u c h  as  c r e s o l s ,  a l k y l  i n d a n o l s  a n d  a l k y l  n a p h t h o l s  a s  w e l l  as, some s m a l l  
amount of n o n v o l a t i l e s  namely low molecular  weight  asphal tenes .  F r a c t i o n  4 i s  
composed of spec ies  w i t h  molecular  s i z e  l e s s  than  t h a t  of n-C7H16. This  f rac-  
t i o n  may not conta in  any s t r a i g h t  c h a i n  a lkanes  as they a r e  very v o l a t i l e .  I t  
i s  composed of a romat ic  s p e c i e s  such a s  a l k y l a t e d  benzenes, a l k y l a t e d  indans 
and  n a p h t h a l e n e  and even  l a r g e  s p e c i e s  s u c h  a s  p y r e n e s  and  coronenes .  The 
so lvent  system used f o r  l i q u e f a c t i o n  ( t e t r a l i n  and d e c a l i n )  separa te  from t h e  
b u l k  of  t h e  l i g n i t e  d e r i v e d  p r o d u c t s  as  t h e  l a s t  peak (peak  a t  20.5 ml). 
A l t h o u g h  t h e  column i s  o v e r l o a d e d  w i t h  r e s p e c t  t o  t h e  s o l v e n t  s y s t e m ,  t h e  
e f f i c i e n c y  of s e p a r a t i o n  of t h e  l i g n i t e  der ived products  a r  unaffected.  The 
v o l a t i l e  spec ies  of all f r a c t i o  y2,(iytlve s i d e n t i f i e d  by GC-MS' and n o n v o l a t i l e s  
by t h e  I R  and NHR spectroscopy. 

The e f f e c t  of hydrogen donor s o l v e n t  and feed  gases  such a s  hydrogen and 
C O / H z  m i x t u r e  on l i g n i t e  d i s s o l u t i o n  a t  700°F i s  shown i n  F i g u r e  2. D e c a l i n  
d i s s o l v e s  l e s s  coa l  compared t o  t e t r a l i n .  CO/H2 a s  feed  gas  gave l e s s  l i q u i d  
products  which contained more l a r g e r  molecular  s i z e  species .  When d e c a l i n  w i t h  
n i t r o g e n  ( n o t  shown i n  F i g u r e  2)  was  u s e d  f o r  l i q u e f a c t i o n  of l i g n i t e  t h e  
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s p e c i e s  a p p e a r i n g  a t  t o t a l  s i z e  e x c l u s s i o n  l i m i t  o f  100 1 g e l  column were 
t o t a l l y  a b s e n t .  F i g u r e  3 shows G C s  o f  f r a c t i o n  2 s  o f  two l i g n i t e  d e r i v e d  
l i q u i d s  t o  i l l u s t r a t e  t h e  r o l e  of  t h e  h y d r o g e n  donor  s o l v e n t  on a l k a n e  pro-  
d u c t i o n .  If t h e  a l k a n e s  a r e  formed by b r e a k i n g  of  a l k y l  c h a i n s  f r o m  o t h e r  
groups ,  t h e y  a r e  e x p e c t e d  t o  c o n t a i n  more  o l e f i n i c  s p e c i e s  i n  t h e  a b s e n c e  of 
hydrogen donor s o l v e n t s  such as t e t r a l i n .  S ince  t h e  s p e c i e s  i n  f i g u r e  4 a and 
b are  v e r y  s imi la r ,  t h e  r o l e  hydrogen  or hydrogen  donor  s o l v e n t  p l a y s  i n  t h e  
product ion of a lkanes  are l imi ted .  Simple p y r o l y s i s  can l i b e r a t e  them from t h e  
coa l  matrix. The a lkane  may be e x i s t i n g  a s  f r e e  w h i l e  t rapped  i n s i d e  t h e  pores  
or t h e i r  p r e c u r s e r s  a r e  e i t h e r  c a r b o x y l i c  a c i d s  or s p e c i e s  w h i c h  decompose 
during hea t ing  t o  produce a lkanes  e a s i l y .  

Figure 4 i l l u s t r a t e s  t h e  e f f e c t  of r e a c t i o n  t i m e  on l iquefac t ion .  F igures  
5 and 6 show t h e  l i q u e f a c t i o n  o f  l i g n i t e  a t  750°F a n d  8OO0F u s i n g  d i f f e r e n t  
f e e d  g a s e s .  Hydrogen t e n d s  t o  g i v e  more p h e n o l s  a n d  a r o m a t i c s  compared t o  
nitrogen. CO/HZ tends  t o  produce higher  molecular  s i z e  s p e c i e s  a t  t h e  expense 
of phenols and aromatics .  A q u a l i t a t i v e  e s t i m a t i o n  of t h e  so lvent  systems can 
be obtained e s t i m a t i n g  t h e  wid th  of t h e  so lvent  peak, and t h e  a r e a  of t h e  rest 
of  t h e  GPC may g i v e  t h e  d i s s o l v e d  p r o d u c t  f rom l i g n i t e .  The u s e  of CO/Hz d i d  
n o t  i n c r e a s e  t h e  t o t a l  l i q u e f a c t i o n  y i e l d  w h i l e  i t  h a s  d e c r e a s e d  t h e  t o t a l  
y i e l d  of  l i q u i d  p r o d u c t s .  The e x p e r i m e n t s  u s i n g  C O / H 2  g a v e  l i q u i d  p r o d u c t  
which a r e  d i f f i c u l t  t o  f i l t e r  through micro  pore f i l t e r s  compare t o  t h e  pro- 
duc ts  obtained from experiments  using e i t h e r  n i t rogen  o r  hydrogen a s  t h e  feed  
gas. It  could be assumed t h a t  CO/H2 w i l l  g ive  a product  which contained more 
l a r g e  s i z e  asphal tenes .  

Based on our  d a t a  on l i g n i t e  l i q u e f a c t i o n  products  y d  v a r i o u s  coa l  l i q u i d s  
and t h e i r  d i s t i l l a t e s ,  w e  proposed a s t r u c t u r e  f o r  c o a l  a s  shown i n  f i g u r e  7. 
The major s t r u c t u r a l  c o n s t i t u e n t s  of c o a l  a r e  der ived  from t h r e e  sources  namely 
c e l l u l o s e ,  l i g n i n  and o t h e r  p l a n t  components  d i s p e r s e d  i n  t h e  p l a n t  t i s s u e s .  
The f i r s t  two a r e  polymers. The c o a l i f i c a t i o n  process  which i s  most ly  a deoxy- 
g e n a t i o n  p r o c e s s ,  m i g h t  n o t  c r e a t e  a s u f f i c i e n t l y  l a r g e  number of t e r t i a r y  
bonds needed f o r  b i n d i n g  v a r i o u s  c o n s t i t u e n t s  o f  c o a l  t o g e t h e r  t o  a s t r o n g  
t h r e e  d iment iona l  s t r u c t u r e .  The coa ls  inc luding  l i g n i t e  may have loose s t r u c -  
tures .  The c e l l u l o s e  der ived  s t r u c t u r e s  may have l a r g e  pores  i n  which s p e c i e s  
s u c h  a s  l a r g e  a l k a n e s  c o u l d  be t r a p p e d .  A l t h o u g h  low t e m p e r a t u r e  (less t h a n  
3OO0F) e x t r a c  ions  can e x t r a c t  some s o l u b l e  components of coa l ,  t h e  a lkanes  a r e  

oxida t ion  s t u d i e s  do n o t  d e t e c t  l a r g e  alkanes.  The h igher  tempera tures  (above 
650°F) can e i t h e r  break t h e  pore s t r u c t u r e s  or t h e  a lkanes  can d i s t i l l  o u t  of 
t h e  pores. 
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Table 1. Lignite Liquefaction Conditions 

Run No. 

1 
2 
3 

4 
11 
12 
13 
14 
21 
22 
23 
24 
31 
32 
33 
34 
41 
42 
43 
51 
52 
53 
61 
62 
63 

71 
72 
73 

Coal g. Solvent 
1 ml 

1.5 t e t ral in 
1.5 tetralin 
1.5 tetralin 
1.5 decalin 
1.5 t e tral in 
1.5 tetralin 
1.5 decalin 
1.5 (old) tetralin 
1.5 4 tetralin 
1.5 tetra 1 in 
1.5 no 
1.5 (old) tetralin 
1.5 t e tral in 
1.5 te t ralin 
1.5 decalin 
1.5 decalin 
1.5 tetralin 
1.5 tetral in 
1.5 tetra 1 in 
1.5 tetra 1 in 
1.5 tetralin 
1.5 tetral in 
1.5 tetralin 
1.5 tetralin 
1.5 t e tralin 
1.5 tetralin 
1.5 tetralin 
1.5 tetralin 

Feed Gas Initial 
Pressure 

(psi) 
N2 1000 
N2 1000 
N2 1000 
N2 1000 

N2 1000 
N2 1000 
N2 1000 
N2 1000 

CO+H2(1:1) 1000 

no 0 
no 0 

N2 1000 ' 

H2 1000 
cotn2(i:i) 1000 

82 1000 

N2 1000 
N2 1000 
N2 1000 
N2 1000 
H2 1000 

N2 1000 
H2 1000 

N2 1000 
H2 1000 

COtH2 1000 

COtH2(1:1) 1000 

CO+H2(1:1) 1000 

CO+H2 1000 

Temp 
OF 

700 
7 00 
700 
700 
7 00 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
850 
850 
850 
800 
800 
800 

750 
7 50 
7 50 

Time 
min . 
30 
120 
120 
120 
120 
120 
120 
120 

120 
120 
120 
120 
120 
120 
120 
120 
15 
120 
360 

30 
30 
30 
30 
30 
30 
30 
30 
30 

Comment 8 

+ BHT 0.2 g 

t BHT 0.2 g 

+ BHT 0.2 g 

+ BHT 1 g 

\ 
1 

7 1  
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Figure 1. GPC o f  cat ibmtion 
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Figure 3. 
from THF solubles o f  l igni te  
a. t e t m l i n  and H2 (21 )  b. Decalin 
and N 2  (13) 
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Figure 2: 
from reactions a t  700F i n  - decatin 
and H (331, --- t e t ra l in  and H2 (31) 
-.- t e t m l i n  and CO/H2 (321 

GPC of THF solubles of l igni te  
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Figure 4 .  
on THF solubles of  l igni te  i n  t e t ra t in  
and H2 a t  700F. - IS min. (411, _ _ _  120 min. (42/ ,  -.- 360 min. (431 

Effect of reaction time 
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Figure 5.  Ef fect  o f  feed gas on 
l igni te  liquefaction i n  te t ra l in  
a t  750 F - N e  (71), --- H 2  ( 7 2 )  

-.- CO/H2 173) 
I I l l  I 1  ( I  

I 
10 

!i 
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I I 

I 
I 

k 
Figure 6 .  Effect of feed gas on 
l ign i te  liquefaction in t e t ra l in  
a t  800 F. - N2 (611, --- H Z  (621, 

-.- CO/H2 (63)  
ELLULME DERIVED 

0 

Figure 7. 
coa 1 

A structural model of 
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